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• Digital Imaging Systems 

• Specifying a Digitai Imagery Product 

• Characterization of Data Acquisition 
Systems 

• Summary 
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Introduction 
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• Advanced large array digital imaging systems are 
routinely being used 

• Digital imagery guidelines are being developed by 
ASPRS and ISPRS 

• Guidelines and standards are of little use without 
standardized characterization methods 
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Digital Imaging Systems 
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Both pushbroom line scanners and advanced 
framing direct digital imaging systems are being 
developed for airborne and spaceborne systems 

- IKONOS 

- QuickBird 

- Kodak 4kx4k 

- LH Systems 

- Z/l 

- Others 


ASPRS Conference 


4 



Specifying a Digital 


Imagery Product 
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After the acquisition area and window have been 
properties need to be defined 

- Spectral 

• Panchromatic or Multispectral (number of bands) 

• Band-to-Band Registration 

- Spatial Resolution 

• Spatial/Frequency Domain 

• Edge s^^onse 

• SignaHo-Noise Ratio 


selecte^^e following 


- Radiometry 

• Linearity 

• Cosmetic/Relative 

• Absolute 

- Geolocational Accuracy 

• The ASPRS Digital Imagery Guideline addresses many of these items 
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Spatial Resolution: Spatial/Frequency Domain 
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• Most specifications are written in terms of MTF as a 
function of spatiai frequency 

- Dominant parameter is typicaiiy MTF @ Nyquist frequency 

- Nyquist frequency depends on GSD 

• Nyquist frequency = 1/(2*GSD) 

- MTF at Nyquist is a measure of aliasing 

- MTF measurements at Nyquist are difficult to estimate in-flight 

• Edge Response is more intuitive 

- RER (Relative Edge Response) 

- Ringing 
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Steepness of edge response effects spatial resolution 
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Spatial Resolution: SNR 
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•riginal Maricopa IKONOS 
Imagery 
SNR ~ 100 
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Maricopa IKONOS Imagery 
with Noise Added — 
SNR- 2 
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Radiometry Specification 
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• Three Types 

- Linearity 

- Relative 

• Pixel-to-Pixel 

• Band-to-Band 

- Absolute 
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Radiometry: Linearity 
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Radiance 


®st Lineaf Fit 
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Best Linear Fit 


Radiance 


Linear and non-linear response to input radiance 
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Normalized Average Row Values for Antarctica 




Radiometry: Absolute 


NIR Band Calibration Summary 


Stennis Space Center 


0 ) 

o 

c 

(0 

’"5 

CO 

QC 


15 


X 

+ 


X 

+ 


SSC, Big Spring, TX, 6/22/01 
SSC, Big Spring, TX, 8/5/01 
SSC, Lunar Lake, NV, 7/13/01 
SSC, Lunar Lake, NV, 7/16/01 
SSC, Maricopa, AZ, 7/26/01 
SSC, Stennis, 52 tarp, 1/15/02 
SSC, Stennis, 3,5 tarp, 1/15/02 
SSC, Stennis, 22 tarp, 1/15/02 
SSC, Stennis, Concrete, 1/15/02 
SSC, Stennis, Grass, 1/15/02 
SSC, Stennis, 52 tarp, 2/1 7/02 
SSC, Stennis, 3.5 tarp, 2/17/02 
SSC, Stennis, 22 tarp, 2/17/02 
SSC, Stennis, Concrete, 2/17/02 
SSC, Stennis, Grass, 2/17/02 
UofA/SDSU, Brookings, SD, 7/3/01 
UofA/SDSU, Brookings, SD, 7/17/01 
Uof/VSDSU, Brookings, SD, 7/25/01 
UofA, Lunar Lake, NV, 7/13/01 
UofA, Lunar Lake, NV, 7/16/01 
UofA, Railroad Valley, NV, 7/13/01 
UofA, Railroad Valley, NV, 7/16/01 
UofA, Ivanpah, CA, 11/19/01 
SI Calibration Curve, Post 2/22/01 
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SI Radiance = DN/84.3 
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Y Residuals (Meters) 





X Residuals (Meters) 






Geolocational Accuracy 
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Geolocation of Pixels 


SSC Point Residuals Plotted 
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Data Product Characterization 
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Data Product Specifications 

- Spectral 

- Spatial Resolution 

- Radiometry 

- Geometry 
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Laboratory vs. In-Flight: Spectral 
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Spectral Band 
Information 

- Spectral band pass (Blue) 450-515 nm 

- Spectral band pass (Green) 525-605 nm 

- Spectral band pass (Red) 630-690 nm 

- Spectral band pass (NIR) 750-860 nm 

X 

X 

X 

X 

Spectral Band 

- Band edge points at 50% peak response shall be 

X 

Pass 

within ± 15 nm of the normal values 


Accuracy 

- Slope through the 50% point shall be at least 15% 
per 20 nm 

X 


- Out-of-band filter response must be less than 5% of 
the total integrated transmittance within 5% of the 
transmission points of the band 

X 
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Laboratory vs. In-Flight: Spatial 
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Spatial Resolution At zero spatial frequency, for all spectral 

and Imaae Quality bands, the SNR will be greater than 70 for a 

, . II 1 . 1 Lambertian surface with 20% reflectance, 

(at all field anglos) illuminated at soiar zenith angie of 30 degrees 

X X 
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Laboratory vs. In-Flight: Radiometry 
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Radiometric 

- Absolute radiometric accuracy to witlqjy^o 

* 

X 

Accuracy 

- Relative radiometric accuracy to with!^% 

★ 

X 

Stability 

- Linearity to within ± 5% of full scale exposure over 
the entire imaging exposure dynamic range 

X 

X 


- Requirements on banding, streaking, failed and 
non-calibrated detectors: 99.5% of all the detectors 
should be within ± 5% or ± 1 DN of the mean dark 

X 

X 


counts of all focal plane array detectors; 99.5% of 
all the detectors should be within ± 5% of the gain 
coefficients of all focal plane array detectors 

NA 

NA 

Radiometric 

Quanitization 

8-bits per spectral channel 

X 

X 



ASPRS Conference 


20 











Laboratory vs. In-Flight: Geometric 
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Absolute 

Geolocational ^ 
Accuracy L_ 

^,Fri^'benter point coordinate referenced to X 

± 10Gf meters in metadata listing 
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Laboratory Characterization 



Spectral 
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Test setup for overall system spectral response 
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Spectral Response 


Spectral 
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Wavelength [nm] 

Normalized spectral response functions. Measured points are shown with error 
bars. Lines show spline interpolation between the points. 
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Spatial Characterization 
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Fragment of a Blue-band image from tests of 
spatial resolution of the ADAR 5500 SN4 sensor 


MTF test setup looking at the edge target in a 
collimator 
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Examples of edge response funi 
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Histograms of dark count numbers 
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ASPRS Conference Dependence of average DN’s on exposure time. Measured points are shown with error bars. 

Solid lines show linear interpolation between the points. Dash lines show the 5% tolerance 







In-Flight Characterization 









Spatial Characterization 
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Radiometric Characterization 



Goniometer 


Radiosonde 

Balloon 


III Sky Imager 


Tarps 




Msthodv llliillie (Spectitiiradiomelt^ atmospheric 

measurements (Sun Photometer & Radiosonde) to determine radiometric accuracy of remote 
sensing systems. 
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Geometric Characterization 
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Summary 
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• Characterization of digital camera systems is 
important for supporting digital imagery 
guidelines 

• Specifications are characterized in the lab and/or 
the field 

- Laboratory characterization is critical for optimizing and 
defining performance 

- In-flight characterization is necessary for an end-to-end 
system test 
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